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(Bacl(ground: Sorting Nexin 27 regulates intracellular trafficking of proteins through the endosomal system.
Results: An interaction between SNX27 and the guanine nucleotide exchange factor 3-Pix in complex with Git family proteins

Conclusion: Cells lacking SNX27 have decreased cell motility, which we propose to be due to 3-Pix intracellular trafficking

Significance: The results and model proposed have implications for recruitment/activation of p21-activated kinase (PAK) or
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Sorting nexin 27 (SNX27) is a 62-kDa protein localized to
early endosomes and known to regulate the intracellular traf-
ficking of ion channels and receptors. In addition to a PX
domain, SNX27 is the only sorting family member that contains
a PDZ domain. To identify novel SNX27-PDZ binding partners,
we performed a proteomic screen in mouse principal kidney
cortical collecting duct cells using a GST-SNX27 fusion con-
struct as bait. We found that -Pix (p21-activated kinase-inter-
active exchange factor), a guanine nucleotide exchange factor
for the Rho family of small GTPases known to regulate cell
motility directly interacted with SNX27. The association of
B-Pix and SNX27 is specific for B-Pix isoforms terminating in
the type-1 PDZ binding motif (ETNL). In the same screen we
also identified Gitl/2 as a potential SNX27 interacting protein.
The interaction between SNX27 and Gitl/2 is indirect and
mediated by f-Pix. Furthermore, we show recruitment of the
B-Pix-Git complex to endosomal sites in a SNX27-dependent
manner. Finally, migration assays revealed that depletion of
SNX27 from HeLa and mouse principal kidney cortical collect-
ing duct cells significantly decreases cell motility. We propose a
model by which SNX27 regulates trafficking of B-Pix to focal
adhesions and thereby influences cell motility.

The endocytic system is a series of compartments that deter-
mine the fate of intracellular protein cargo. Such cargo is com-
monly delivered from the plasma membrane to endosomal
compartments where a number of trafficking decisions can be
made. For example, the protein may be delivered to lysosomes
and degraded or recycled to the cell surface (1). However, it has
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recently been proposed that endosomes may also serve as a
platform for protein-protein interactions to regulate a range of
cellular processes such as migration, polarity, and cytokinesis
(1,2)

The sorting nexin family of proteins is characterized by the
presence of phosphoinositide-binding PX domains, which
direct sorting nexins to phospholipid-rich cell membranes (3).
In addition to the PX domain, many sorting nexins contain
other known protein-protein interaction domains. These
include the Src homology 3 domain in SNX9 and -18 and others
as well as the regulator of G-protein signaling domain in
SNX13, -14, and -25 (3, 4). The relatively large number of pro-
teins in the sorting nexin family along with the diverse array of
protein interaction domains present in each suggests multiple
roles for this family during endosomal trafficking (3).

SNX27 is unique in the sorting nexin family in containing a
postsynaptic density protein-95, discs large, zona occludens 1
(PDZ) domain (3, 5). PDZ domains are one of the largest
domain families involved in protein-protein interactions. They
primarily function by interacting with short amino acid motifs
at the C termini of target proteins (6). To date, the PDZ domain
of SNX27 has been shown to interact with enzymes, receptors,
and ion channels (7-10).

Multiple studies have localized SNX27 to the early endosome
(7,9, 11). The PX domain is responsible for SNX27 localization
(7,9). The PDZ domain of SNX27 has been proposed to traffic
a growing list of proteins via endosomal-mediated pathways.
For example, Lunn et al. (9) have proposed that SNX27 regu-
lates Kir3 potassium channel endocytosis and lysosomal degra-
dation. More recently, data by Lauffer et al. (7) suggest a role for
SNX27 in the recycling of 3,-adrenoreceptors from the early
endosome to the plasma membrane. In this study we demon-
strate intracellular trafficking of a novel protein complex via an
interaction with SNX27. In a proteomic screen using the
SNX27-PDZ domain as bait, we identified the proteins
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B-Pix (PAK-interacting exchange factor)® and Git (G-protein
receptor kinase interacting target) as novel SNX27 interacting
proteins.

B-Pix (also known as Cool-1 and ARHGEF7) was first iden-
tified as a binding partner to the PAK family of Cdc42/Racl-
activated kinases (12). In the same article, B-Pix was identified
in focal complexes and demonstrated to be involved in PAK
recruitment to these sites (12). B-Pix has also been shown to
target the Racl GTPase to focal adhesions (13). Both Rac and
PAK compete for the Src homology 3 domain of 8-Pix (13). In
the absence of PAK, elevated levels of Racl in complex with
B-Pix were observed, a condition that led to increased cell
spreading (13). Hence, interplay between 8-Pix, Racl, and PAK
may modulate cell adhesion and motility.

Regulation of cell motility by B-Pix might also involve the Git
family of proteins (14). Like B-Pix, two members of this family,
Gitl and Git2, localize to focal complexes (15, 16). Git proteins
contain an amino-terminal ARF GTPase-activating protein
domain, three ankyrin repeats, a Spa-2 homology domain
(SHD), a coiled-coil domain, and a carboxyl-terminal binding
site for paxillin (14). A number of binding partners have been
shown to interact with each domain. For example, the SHD
domain has been found to interact with B-Pix, which enables
Git to interact with PAK, Rac, and Cdc42 (15). Several studies
have demonstrated that the B-Pix-Git interaction is constitu-
tive and may exist in complexes in excess of 1 MDa. Recent data
has also demonstrated the existence of an unusually stable het-
eropentameric complex with dimeric Git interacting with tri-
meric Pix (17-19). The interaction between Git and 3-Pix may
be weakened by phosphorylation of -Pix at Tyr*** (20). Under
these conditions, the Git-paxillin interaction is facilitated and
proposed to disassemble focal adhesions (20). Git proteins have
also been observed in endosomes (21, 22). Location of Git pro-
teins to these sites is mediated by the first of the three amino-
terminal ankyrin repeats (21). Here, Git proteins were proposed
to mediate membrane recycling between endosomes and the
plasma membrane where nascent focal contacts form (21).
Taken together, the involvement of B-Pix-Git in cell migration
is complex and involves phosphorylation events, transient pro-
tein-protein interactions, and intracellular trafficking.

Here we present evidence of a SNX27-B-Pix-Git complex.
The interaction between SNX27 and B-Pix is direct, with B-Pix
as the central component of this trimeric complex. We also
show that SNX27 is responsible for recruitment of the B-Pix-Git
complex to endosomal sites and propose that, during cell motil-
ity, the B-PixGit complex recycles between the endocytotic
system and focal contact sites.

EXPERIMENTAL PROCEDURES

Materials—A polyclonal antibody to a GST-SNX27 fusion
(amino acids 1-265) was generated by Lampire Biological Lab-
oratories (Pipersville, PA) and Primm Biotech (Cambridge,
MA). Monoclonal antibodies against fusion proteins tagged

2The abbreviations used are: B-Pix, PAK-interacting exchange factor; Git,
G-protein receptor kinase interacting target; SHD, Spa-2 homology
domain; mpkCCD, mouse primary kidney cortical collecting duct; PAK,
p21-activated kinase.
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with c-Myc (clone 9E10), HA (clone HA-11), and GFP (clone
JL8) were purchased from Abcam (Cambridge, MA), Covance
(Princeton, NJ), and Clontech (Mountain View, CA), respec-
tively. Anti-paxillin, anti-Git1, anti-Git2, and anti-B-Pix mono-
clonal antibodies were purchased from BD Biosciences. Anti-
B-Pix and Gitl polyclonal antibodies were purchased from
Millipore (Billerica, MA) and Cell Signaling (Beverly, MA),
respectively. Anti-a-tubulin monoclonal antibody was pur-
chased from Sigma. B-Pix/ARHGEF?7 variant 1 and 3 plasmid
DNA molecules (catalog numbers sc117668 and sc318985)
were purchased from Origene (Rockville, MD). Gitl and Git2
plasmid DNA molecules were purchase from Open Biosytems
(Huntsville, AL). All chemicals were purchased from Sigma,
unless otherwise stated.

Molecular Biology—The cDNA sequence of human SNX27b
was amplified by PCR and cloned into the BamHI and Xhol
sites of pCMV-Myc (Invitrogen), PET28c (Novagen EMD
Chemicals, Gibbstown, NJ), and pEGFP (Clontech). SNX27b
mPDZ point mutation was generated using the QuikChange®
Site-directed Mutagenesis kit (Stratagene, La Jolla, CA) follow-
ing the manufacturer’s instructions using primers 5'-caagtc-
cgagtcecggeggeggeggeaacgtgeggggecaag-3' and 5'-cttggeeccg-
cacgttgccgecgeegecggacteggacttg-3’. A SNX27b  mutant
lacking the PDZ domain was generated by inverse PCR using
primers 5'-P-gtacctcctcatgaggcagataace-3' and 5'-P-ggcg-
cagtggagcccagaccecc-3'. PCR-based cloning was also used to
clone Gitl into pEYFPc1 (Clontech) and -Pix into pCMV-HA
(Invitrogen) or mCherry-cl (Clontech). DNA primer
sequences and protocols for these procedures and all others
herein are available upon request. All constructs were
sequenced to ensure the absence of undesired secondary muta-
tions (Macrogen, Rockville, MD).

Cell Culture and Transfection—Mouse primary kidney cor-
tical collecting duct (mpkCCD) clone 3 cells were kindly pro-
vided by Mark Knepper (NHLBI, National Institutes of Health).
MpkCCD and HeLa cells were maintained in high glucose, Dul-
becco’s modified Eagle’s medium (Invitrogen) supplemented
with 10% fetal bovine serum (Sigma) in humidified chambers
with 5% CO, at 37 °C. NIH3T3 cells were obtained from the
American Tissue Culture Collection (ATCC, Manassas, VA)
and maintained in high glucose, Dulbecco’s modified Eagle’s
medium (Invitrogen) supplemented with 10% normal calf
serum (Invitrogen). MpkCCD cells were transfected using
Lipofectamine LTX reagent including Plus reagent (Invitrogen)
using the manufacturer’s recommended instructions. Similarly,
HeLa and NIH3T3 cells were transfected using FuGENE HD
(Roche). Cells were typically analyzed for protein expression
using Western blotting or immunofluorescence 24— 48 h post-
transfection. Transfection of siRNA molecules in NIH3T3 or
mpkCCD cells was performed with Oligofectamine™ (Invitro-
gen) using a reverse transfection protocol as per the manufac-
turer’s instructions. Murine-specific 3-Pix/ARHGEF7 siRNA
molecules were purchased from Dharmacon (number
L063023-01-0010).

Stable shRNA expressing cells were generated using an
inducible lentiviral shRNA system (pINDUCER10) and
selected with puromycin (23). A set of shRNA sequences spe-
cific for SNX27 were purchased from Open Biosystems (num-
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ber RHS4531-NM_030918). The clone IDs for each shRNA
are shRNA#2 V3LHS_412022, shRNA#5 V3LHS_383895,
shRNA#6  V3LHS_383896, shRNA#7 V2LHS_273547,
shRNA#8 V2LHS_237898, and shRNA#9 V3LHS_383899,
respectively. Clone number 5 may be used to target human or
mouse SNX27. These sequences were subcloned from pGIPZ
to pINDUCER10 with Mlul and Xhol digests. An identical
method was used to prepare control (firefly luciferase) lentivi-
rus. Lentiviral supernatants were generated by transient trans-
fection of 293T cells using FuGENE HD (Roche Applied Sci-
ence). HeLa and mpkCCD stable cell lines were generated by
lentiviral transduction as described (23). shRNA expression on
puromycin-resistant clones were routinely induced with 1
pg/ml of doxycycline for 72-96 h prior to experimental
analysis.

In Vitro Translation—T o investigate whether the interaction
of SNX27 with B-Pix is direct, B-Pix variant 1, variant 3, or
variant 1 with the PDZ binding motif deleted (AETNL) were
subcloned (Sall-Notl) into pBlueScript SK (Stratagene). One
microgram of each construct was translated using ([**S]Met)
and the TNT® T7 Quick-coupled Transcription/Translation
system (Promega, Madison, WI) following the manufacturer’s
instructions. Ninety percent of the translated product was
diluted in NETN buffer (125 mm NaCl, 1 mm EDTA, 20 mm
Tris-Cl, pH 8.1, 0.5% Nonidet P-40, 10% glycerol) containing
protease inhibitors. The diluted translated product was tum-
bled with 2 ug of the indicated GST fusion proteins conjugated
to Sepharose beads for 1 h at 4 °C. The beads were washed 5
times, boiled in sample buffer, and run on an SDS-PAGE gel.
Ten percent of the translated product was used as input. The gel
was stained with Coomassie Blue, dried, and exposed to film.

Expression of Recombinant Proteins in Bacteria—The PDZ
domain of human SNX27 was cloned by PCR into the BamHI-
EcoRI site of pGEX2T using the following primers: 5'-CATG-
GATCCCCGCGGGTCGTGCGCATC-3" and 5'-CAT-
GAATTCCAGATAACACTGTCAAGATCAATTC-3" and
transformed into BL21(DE3) cells (Stratagene). SNX27-PDZ
fusion protein expression was induced with 0.1 mm isopropyl
B-p-thiogalactopyranoside for 3 h at room temperature. The
bacterial cells were lysed by sonication for 1 min in PBS and
proteins were solubilized in Triton X-100 diluted to 1% final
volume. Fusion proteins were collected by incubation at 4 °C
with glutathione-Sepharose 4B beads (GE Healthcare). The
fusion proteins were quantified by SDS-PAGE and staining
with Coomassie Blue.

Protein  Analysis—For GST pulldown experiments,
mpkCCD, HeLa, or NIH3T3 cells were lysed in binding buffer
150 (BB150: 50 mm Tris, pH 7.6, 150 mm NaCl, 0.2% CHAPS, 10
mm EDTA) plus Complete™ protease inhibitor mixture
(Roche Applied Science). GST pulldowns were typically per-
formed using ~500 ug of protein and 10-20 ug of fusion pro-
tein immobilized on glutathione beads for 3h at4 °C. The beads
were washed three times in lysis buffer, and boiled in sample
buffer. For immunoprecipitation experiments, cells were lysed
in 0.1% Triton X-100 lysis buffer (0.1% Triton X-100, 0.3 M
sucrose, 50 mm Tris'HCI, pH 7.5, 100 mm KCl, 1 mm CaCl,, 2.5
mm MgCl,) containing Complete™ protease inhibitors. The
protein concentration was determined using the bicinchoninic

NOVEMBER 11,2011 +VOLUME 286 +NUMBER 45

SNX27, B-Pix, and Git and Endosomal Trafficking

acid assay (Pierce Biotechnology, Rockford, IL). Immunopre-
cipitations were routinely performed using 1-2 mg of protein
and 2-5 ug of purified SNX27 antibody or Myc polyclonal anti-
body conjugated to Sepharose beads and incubated at 4 °C
(Sigma). SNX27-immune complexes were precipitated using
protein A-Sepharose, washed twice with lysis buffer, and boiled
in Laemmli sample buffer. Inmune complexes and proteins
bound to GST fusion proteins were analyzed by Western blot-
ting and detected using the indicated primary antibodies incu-
bated at 1:500 (Git1/2) or 1:1000 (SNX27) followed by second-
ary antibodies conjugated to IRdye 780 nm (rabbit) or IRdye
680 nm (mouse) (Licor, Lincoln NE) at 1:10,000 dilution.
Detection of Myc tag by Western blotting was performed using
the 9E10 monoclonal antibody used at 1:5,000 dilution followed
by a secondary antibody conjugated to horseradish peroxidase
and detected by enhanced chemiluminescence (1:10,000;
Millipore).

Mass Spectrometry—To identify novel proteins bound to
SNX27-PDZ, samples were run on an SDS-polyacrylamide gel,
and the bands were visualized by silver staining. Protein iden-
tification by mass spectrometry was done in the NHLBI pro-
teomics core, at the National Institutes of Health. The band of
interest was excised and digested with trypsin ata 1:50 enzyme/
substrate ratio. The dried tryptic digest was analyzed on an
LTQ-Orbitrap XL (Thermo-Fisher Scientific LLC) interfaced
with an Eksigent nano-LC one-dimensional plus system (Eksi-
gent Technologies LLC, Dublin, CA) using CID fragmentation.
Samples were loaded onto an Agilent Zorbax 300SB-C18 trap
column at a flow rate of 5 ul/min for 10 min, and then separated
on areversed-phase PicoFrit analytical column (New Objective,
Woburn, MA) using a 40-min linear gradient of 2—40% aceto-
nitrile in 0.1% formic acid at a flow rate of 300 nl/min. LTQ-
Orbitrap XL settings were as follows: spray voltage, 1.5 kV; full
MS mass range, m/z 200 to 2000. The LTQ-Orbitrap XL was
operated in a data-dependent mode; i.e. MS1 in the ion trap,
scan for precursor ions followed by six data-dependent MS2
scans for precursor ions above a threshold ion count of 2000
with collision energy of 35%.

Data Base Search—The raw file generated from the LTQ-
Orbitrap XL was analyzed using Proteome Discoverer version
1.2 software (Thermo-Fisher Scientific, LLC) using our six-pro-
cessor Mascot cluster search engine at the NIH (biospec.nih-
.gov, version 2.3). The following search criteria was set to: data
base, Sprot (Swiss Institute of Bioinformatics); taxonomy, Mus
musculus (mouse); enzyme, trypsin; miscleavages, 2; fixed mod-
ification, carbamidomethylation (+57 Da); variable modifica-
tion, methionine oxidation (+16 Da); deamidation (N,Q),
acetyl (protein N-terminal); MS peptide tolerance as 1.0 Da;
MS/MS tolerance as 0.8 Da. Protein identifications were based
on 2 or more unique peptides with a false discovery rate set to
0.01.

Immunofluorescence—HeLa or NIH3T3 cells were plated on
fibronectin-coated glass coverslips (coated overnight, 4 °C; 10
pg/ml in phosphate-buffered saline) and transfected as indi-
cated. Cells were fixed with 4% paraformaldehyde for 10 min,
permeabilized with 0.25% Triton X-100 for 5 min, and incu-
bated in blocking buffer (2% bovine serum albumin (BSA) in
PBS) for 1 h at 37 °C. The fixed coverslips were incubated with

JOURNAL OF BIOLOGICAL CHEMISTRY 39405



SNX27, B-Pix, and Git and Endosomal Trafficking

primary antibodies at the following concentrations (HA,
1:1000; Myc, 1:1000; polyclonal B-Pix, 1:100; monoclonal Gitl
or -2, 1:100) in blocking buffer overnight at 4 °C. Coverslips
were washed extensively with PBS and incubated with the indi-
cated secondary antibodies (Alexa Fluor 488, 568, 594, or 647
nm, Invitrogen) used at 1:1000 dilution in blocking buffer for
1 h at 37 °C. Following further washing with PBS, coverslips
were mounted using FluorSave™ (Calbiochem). Wide-field
images were collected using a Personal DeltaVision system
(Applied Precision Inc., Issaquah, WA) mounted on an inverted
Olympus IX71 microscope with an oil immersion PlanApo N
X60/1.42 objective lens. All images were acquired using a Cool-
SNAP ES2 CCD camera with 2 X 2 binning and a 512 X 512
pixels imaging field. All images were deconvolved using an iter-
ative constrained method with 10 cycles of medium noise fil-
tering in Applied Precision’s SoftWoRx software package ver-
sion 4.0.0. TIRF microscopy and quantification of endogenous
B-Pix at focal contact sites was performed as previously
described (24). To analyze the changes of focal abundance of
endogenous B-Pix in HeLa cells expressing SNX27 WT and
SNX27 APDZ, double-labeled immunofluorescence images
were quantified in the following manner: images of immunolo-
calized paxillin and B-Pix were median filtered with a 3-pixel
square kernel and background flattened with a 13-pixel square
kernel. Next, regions of the cell were manually selected to
include all segmented paxillin-marked focal adhesions. The
regions were transferred to the B-Pix immunofluorescence
image of the same cell. The mean B-Pix intensity of the focal
adhesion in SNX27 WT or SNX27 APDZ-expressing cells was
divided by the mean intensity of B-Pix at focal adhesions in
GFP-expressing cells (control) to generate the fractional focal
adhesion immunofluorescence signal change * S.D. as
reported in the figures. Statistical significance (p < 0.05) was
measured by a Student’s ¢ test between control and SNX27 WT-
expressing cells or control and SNX27 APDZ-expressing cells.
The velocity of individual HeLa or mpkCCD cells was measured
using Image-Pro Plus version 7.0 (Media Cybernetics,
Bethesda, MD).

RESULTS

Identification of a Novel SNX27 Binding Partner—As a first
step in the identification of novel binding partners to the PDZ
domain of SNX27, we generated a recombinant GST fusion
protein containing this domain. GST-PDZ or GST recombi-
nant proteins were incubated with mpkCCD cell lysates or with
lysis buffer alone (Fig. 1a). After washing, proteins bound to
GST beads were separated by SDS-PAGE and identified by
Coomassie Blue staining (Fig. 1a). Two proteins of approximate
molecular mass of 80 and 90 kDa were both readily stained with
Coomassie and uniquely present in pulldowns of GST-PDZ
from kidney cell lysates (Fig. 1a, column 4). The two protein
bands were excised, subjected to in-gel trypsin digest, and the
identity of each determined by matrix-assisted laser desorp-
tion/ionization mass spectrometry (MALDI-MS/MS). The
protein of 80 kDa was identified as 3-Pix/ARHGEF7 (49% pep-
tide coverage) (Fig. 15). Two members of the Git family were
present in the 90-kDa band; they were identified as Gitl and
Git2 (62.8 and 46.5% peptide coverage), respectively (Fig. 1).
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FIGURE 1. Identification of B-Pix and Git1/2 as potential SNX27 PDZ bind-
ing partners. g, 10 mg of mpkCCD cell extracts (lanes 2 and 4) or lysis buffer
(lanes 1 and 3) were incubated with 50 ug of GST-SNX27 PDZ (3 and 4) or GST
controls (7 and 2) for 2 h at 4 °C. After washing, bound proteins were sepa-
rated by SDS-PAGE and identified by Coomassie staining. Bands unique to
lane 4 (A and B) were excised, in gel digested with trypsin, and analyzed by
mass spectrometry, as described under “Experimental Procedures.” b, the
most abundant protein species present in band A was identified as Git1 and
Git2 and in band B was B-Pix. MW, molecular weight marker.

Validation That SNX27 Binds 3-Pix—T o validate the finding
that SNX27 can bind B-Pix, we performed GST pulldown and
immunoprecipitation experiments (Fig. 2). Lysates from
mpkCCD and HeLa cells were incubated with GST alone, GST-
PDZ, or a mutant GST-PDZ protein where a conserved GPGD
(GYGF in SNX27) is mutated to GGGG (mPDZ). This con-
served hydrophobic sequence is found within a loop connecting
strands BA and B and is responsible for binding C-terminal
peptide ligands on binding partners (25). GST beads were
washed and bound B-Pix was identified by Western blotting.
Whereas B-Pix did not bind to GST or GST-mPDZ, it was asso-
ciated with GST-PDZ in both mpkCCD and HeLa cells (Fig.
2a). To further verify that the PDZ domain on SNX27 is
involved in B-Pix interaction, a series of Myc-tagged SNX27
constructs were expressed in mpkCCD cells (Fig. 2b). Along
with full-length SNX27 (wild type), mPDZ or deletion mutants
lacking the PDZ (APDZ) or FERM/RA (AFERM) domains were
engineered into full-length SNX27 (Fig. 2b). Expressed Myc-
SNX27 proteins were isolated by immunoprecipitation and the
presence of 3-Pix was identified by Western blot (Fig. 2b). B-Pix
co-immunoprecipitated with Myc-SNX27 WT and Myc-
SNX27 AFERM immunoprecipitates, but Myc-SNX27 mPDZ
and Myc-SNX27 APDZ mutants were defective for 8-Pix bind-
ing (Fig. 2b). We also detected the presence of a lower molecu-
lar weight B-Pix species in protein lysates but not Myc pull-
downs. This may be a previously reported shorter form of B-Pix
(26). Of additional note was the reproducible observation of
increased B-Pix binding to Myc-AFERM/RA, suggesting that
this domain may negatively regulate protein-protein interac-
tions with SNX27 PDZ. In conclusion, we have confirmed the
novel interaction between SNX27 and 3-Pix and demonstrated
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FIGURE 2. Validation of B-Pix as a novel PDZ-dependent SNX27 binding
partner. a, 500 g of mpkCCD (i) or HelLa (ii) cell lysates were incubated with
10 g of GST or GST fusion proteins containing the SNX27 wild type (GST-PDZ)
or mutant (GST-mPDZ) PDZ domain known to abolish C-terminal peptide
ligand interactions. After washing, bound B-Pix was detected by Western
blotting. 50 g of lysate were loaded as control for Western blotting. Equal
GST loading was verified by Coomassie staining. b, mpkCCD cells were tran-
siently transfected with empty Myc-tagged vector or plasmids containing
Myc fusion proteins of the indicated SNX27 sequences. After a 48-h incuba-
tion, the expressed fusion proteins were immunoprecipitated from cell
lysates using a Myc antibody, and the immune complexes were blotted for
B-Pix (top) or Myc (bottom). ¢, NIH3T3 cell lysates (1 mg) were incubated with
a SNX27 polyclonal antibody (1 1g), preimmune serum, or SNX27 polyclonal
antibody preincubated with the SNX27 PDZ-PX domain (2 ng). Immune com-
plexes were collected using protein A-Sepharose. Immunoprecipitated
SNX27 was detected by Western blotting. d, NIH3T3 cell lysates (10 mg) were
incubated with a SNX27 polyclonal antibody or preimmune serum (10 pul).
Immune complexes were collected using protein A-Sepharose. Bound B-Pix
was detected by Western blotting. 50 g of cell lysate was run as input
control.

that the association between the two proteins involves the PDZ
domain of SNX27.

To determine whether the SNX27-3-Pix interaction occurs
at normal physiological levels, endogenous SNX27 was immu-
noprecipitated from NIH3T3 cell lysate using SNX27 poly-
clonal antiserum. First, as a test for specificity, this antibody (1
png) was preincubated in the presence or absence of competing
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FIGURE 3. The SNX27-B-Pix interaction is direct and specific for the B-Pix
isoform containing the carboxyl-terminal PDZ binding motif. g, sche-
matic diagram of two variants of B-Pix. Variant 1 (31-Pix) is shorter and con-
tains a C-terminal type | PDZ binding motif sequence (ETNL). Variant 3 (32-Pix)
islonger and lacks this binding motif (SHQN). b, 1 ng of cDNAs of B-Pix variant
1, variant 3, or a mutant variant 1 lacking the C-terminal PDZ binding motif
(AETNL) were translated in the presence of [**S]methionine. The translated
product was incubated with GST or GST fusion protein encoding the PDZ
domain of SNX27 for 1 h at 4 °C. The beads were washed, and bound trans-
lated product was separated by SDS-PAGE. Detection of bound product was
revealed by autoradiography. Twenty percent of the translated product was
used as input control. ¢, mpkCCD cells were transiently transfected with
empty HA-tagged vector or plasmids containing HA fusion proteins of the
indicated B-Pix sequences. After 48 h incubation, the mpkCCD cell lysates
were incubated with GST or a GST-SNX27 PDZ. Expressed fusion protein
bound to GST/GST-PDZ was identified by Western blotting using an HA-spe-
cific antibody (top). Equal GST loading was confirmed by Coomassie staining
(bottom). 20 g of protein lysate was used as input.

SNX27-PDZ-PX domain (2 pg) and the immunocomplexes
were analyzed by Western blotting for SNX27 (Fig. 2c). SNX27
was readily detected in SNX27 immunocomplexes, but dimin-
ished when the antibody was preincubated with PDZ-PX and
absent in preimmune controls (Fig. 2¢). SNX27-containing
immune complexes were subsequently analyzed by Western
blotting using a 3-Pix monoclonal antibody. Endogenous B-Pix
was detected in the SNX27 immune complex but not in the
preimmune control (Fig. 2d).

B-Pix has been reported to exist in several isoforms (26).
B1-Pix contains a putative carboxyl-terminal type I PDZ bind-
ing (ETNL) region, which is absent in 32-Pix (SHQN) (Fig. 3a).
B1-Pix may exist in two additional variants, which differ only in
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FIGURE 4. Validation of Git1/2 as a SNX27 binding partner. g, 500 ng of mpkCCD cell lysates were incubated with 10 g of GST or GST fusion proteins
containing the SNX27 (GST-PDZ) PDZ domain. After washing, bound Git1 (i) or Git2 (ii) were detected by Western blotting. 50 g of lysate was loaded as control
for Western blotting. Equal GST loading was verified by Coomassie staining. b, schematic diagram of GFP-tagged wild type and deletion constructs of Git1 (top).
MpkCCD cells were transiently transfected with empty GFP-tagged vector or plasmids containing GFP fusion proteins of the indicated Git1 sequences. After a
48-h incubation, 500 g of cell lysates were incubated with 10 g of GST-SNX27 PDZ for 2 h at 4 °C. The GST-bound complexes were washed and separated by
SDS-PAGE. GST-PDZ-bound Git1 fusion protein was identified by Western blotting using a GFP antibody (bottom). c, mpkCCD cells were transiently transfected
with empty GFP-tagged vector or plasmids containing GFP fusion proteins of the indicated Git1 wild type (FL) or deletion mutants lacking the Spa-2 homology
domain (ASHD) or second putative coiled-coil sequence (ACC2), or both. After a 48-h incubation, 500 ug of cell lysates were incubated with 10 ug of GST-SNX27
PDZ for 2 h at 4 °C. The GST-bound complexes were washed and separated by SDS-PAGE. GST-PDZ-bound Git1 fusion protein was identified by Western
blotting using a GFP antibody (top). Equal loading was verified with Coomassie staining (bottom). d, NIH3T3 cell lysates (10 mg) were incubated with a SNX27
polyclonal antibody or preimmune serum (10 wl). Immune complexes were collected using protein A-Sepharose. The presence of immunoprecipitated SNX27
(top), immunocomplex bound B-Pix (middle), or Git2 (bottom) were detected by Western blotting using the respective antibodies. 50 g of cell lysate was run
asinput control. e, NIH3T3 cell lysates (5 mg) were incubated with a Git2 monoclonal antibody or purified mouse IgG (5 ng). Immune complexes were collected
using protein G-Sepharose. The presence of immunoprecipitated Git2 (top), immunocomplex bound B-Pix (middle), or SNX27 (bottom) was detected by
Western blotting using respective antibodies. 50 ug of cell lysate was run as input control.

5"and 3’ untranslated regions. The 1-Pix isoform used herein
is termed variant 1 (NCBI accession number NP_003890).
B2-Pix may exist in three different variants, which differ by
alternative splicing of internal exons. The longest isoform (803
amino acids) of B2-Pix, which we term variant 3 (NCBI acces-
sion number NP_01106983.1), is used in this study.

Given that B1-Pix/variant 1 and 32-Pix/variant 3 differ at the
C termini we proposed that the interaction between SNX27 and
B-Pix might be isoform dependent. To this end, in vitro trans-
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lated B-Pix variants 1 and 3 and a variant 1 with four carboxyl-
terminal residues deleted (AETNL) were incubated with GST
alone or GST-PDZ (Fig. 3b). B1-Pix variant 1 clearly associated
with GST-PDZ but 1-Pix variant 3 and variant 1 AETNL did
not (Fig. 3b). Furthermore, no binding of B1-Pix variants to
GST control beads was observed (Fig. 3b). Similarly, when
expressed in mpkCCD cells, HA-tagged 3-Pix variant 1 but not
VIAENTL associated with GST-PDZ (Fig. 3c). Taken together,
the interaction between SNX27 and 1-Pix is direct and spe-
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cific for the B1-Pix variant containing the carboxyl-terminal
type I PDZ binding motif.

Validation That SNX27 Binds Gitl/2—Having confirmed
the SNX27-B-Pix interaction, we turned our attention to the
mechanism by which SNX27 interacts with Gitl/2 (Fig. 4).
Lysates from mpkCCD cells were incubated with GST or GST-
PDZ proteins. Both Gitl (i) or Git2 (ii) were readily found in
GST-PDZ, but not GST bead complexes (Fig. 4a). Both mem-
bers of the Git family lack putative carboxyl-terminal PDZ
binding motifs (Gitl, EKKQ; Git2, ENNN). However, multiple
studies have demonstrated a robust interaction between B-Pix
and Git, which led to the hypothesis that SNX27, Pix, and Git
may form a tripartite complex (27). To identify the binding site
on Gitl for SNX27, a series of GFP-tagged Gitl truncation con-
structs were generated and the ability of each to bind to GST-
PDZ was tested (Fig. 4b). GFP-Git FL (wild type Gitl), Y554X
(lacking the paxillin binding site), P479X,E368X (lacking the
largest coiled coil region and putative heterodimerization
sequences), C222X (lacking the B-Pix binding site), K131X
(lacking the ANK repeats), and GFP alone were expressed in
mpkCCD cells (14). Western blotting revealed that the GFP-
tagged constructs were expressed to similar levels (Fig. 4b).
GFP-Git FL and GFP-Git Y554X or Git P479X mutants were
readily detected in GST-PDZ bead complexes, but the interac-
tion between GST-PDZ and E368X was greatly diminished (Fig.
4b). Binding of shorter Gitl mutants or GFP to GST-PDZ was
not observed (Fig. 40).

Gitl Cys**?>-Pro*”® contains the SHD and CC2 domains. To
demonstrate the requirement of SHD and CC2 for SNX bind-
ing, single and double deletion mutants were engineered in
GFP-Gitl FL (Fig. 4c). GFP-Git ACC2 was still detected in
GST-PDZ complexes, albeit diminished in comparison with
GFP-Git FL. GFP-Git ASHD was almost completely defective
for GST-PDZ binding (Fig. 4c). GFP-Git double deletion
mutant (ASHD ACC2) was completely absent in GST-PDZ
bead complexes (Fig. 4¢). Finally, we demonstrated that physi-
ological levels of B-Pix and Git2 could be detected in SNX27,
but not control immunoprecipitates (Fig. 4d). Similarly, a small
amount of SNX27 was detected in Git2, but not control immu-
noprecipitates (Fig. 4e). In conclusion, the data are consistent
with a hypothesis that B-Pix, SNX27, and Git form a tripartite
complex with B-Pix as the central component, which binds
simultaneously to the SHD domain on Git and the PDZ domain
on SNX27.

To further test this hypothesis, GFP-Git FL or ASHD were
co-expressed with HA-B-Pix variant 1 or varient 1 AENTL and
incubated with GST-PDZ (Fig. 5a). We detected a basal level of
GFP-Git in the GST-PDZ complexes, an interaction likely to be
mediated by endogenous 3-Pix (Fig. 54, top row). However, the
proportion of bound GFP-Git in GST-PDZ complexes was dra-
matically elevated in cells where HA-B-Pix variant 1, but not
HA-B-Pix variant 1 AETNL, was co-expressed (Fig. 5a). Levels
of PDZ bound B-Pix variant 1 were not elevated beyond control
levels in cells expressing [B-Pix binding-deficient GEFP-
GitASHD (Fig. 5a).

To further demonstrate that B-Pix is the fulcrum of the
Git-B-Pix*SNX27 complex we used an RNA interference strat-
egy to deplete endogenous B-Pix in mpkCCD (Fig. 5b) and
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FIGURE 5. B-Pix is essential for the SNX27-Git interaction. g, the indicated
HA-tagged B-Pix expression constructs were co-expressed with GFP-tagged
wild type Git1 or Git1 lacking the Spa-2 homology domain (ASHD) in mpkCCD
cells. After a 48-h incubation, cell lysates (500 ng) were incubated with 10 ug
of GST-SNX27 PDZ for 2 h at 4°C. The GST-PDZ bound complexes were
washed and separated by SDS-PAGE. GST-PDZ bound Git1 (top) or B-Pix (mid-
dle) were identified by Western blotting using a GFP or HA antibody, respec-
tively. b, NIH3T3 cells were treated with B-Pix or control siRNA oligonucleo-
tides for 72 h. The cells were lysed and incubated (500 wg) with 10 ug of
GST-SNX27 PDZ. The presence of bound B-Pix SNX27 (middle) and Git2 (top)
were detected by Western blotting using the respective antibodies. 50 ug of
cell lysate was run as input control. Equal staining was verified with Coomas-
sie staining (bottom). ¢, NIH3T3 cells were treated with 3-Pix or control siRNA
oligonucleotides for 72 h. The cells were lysed and incubated (1 mg) with a
SNX27 polyclonal antibody (5 wl). Immune complexes were collected using
protein A-Sepharose. The presence of immunoprecipitated SNX27 (bottom),
immunocomplex bound B-Pix (middle), or Git2 (top) were detected by West-
ern blotting using the respective antibodies. 50 ug of cell lysate was run as
input control. MW, molecular weight marker.

NIH3TS3 cells (Fig. 5¢). Control or B-Pix siRNA sequences were
transfected into NIH3T3 cells, and 72 h post-transfection, the
cells were lysed and incubated with GST-PDZ (Fig. 5b) or
immunoprecipitated with SNX27 (Fig. 5¢). At this time point
the levels of B-Pix were routinely suppressed by over 70% (Fig.
5, b, lower, and c, middle), whereas Git2 protein levels were
unaffected (Fig. 5, b and c¢). The amount of GST-PDZ-bound
Git2 in cell lysates treated with B-Pix siRNA was severely
diminished compared with control siRNA lysates (Fig. 50). In
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FIGURE 6. SNX27 and B-Pix co-localize in endosomal sites. a, HelLa cells were co-transfected with the indicated GFP-SNX27 or HA-B-Pix fusion proteins. After
24 h, the cells were fixed and permeabilized as described under “Experimental Procedures.” 3-Pix-expressing cells were identified by staining with an
HA-specificantibody followed by an Alexa Fluor 594-nm conjugated secondary antibody. SNX27-expressing cells were identified by GFP. b, mpkCCD cells were
co-transfected with the indicated GFP-SNX27 or mCherry-3-Pix fusion proteins. After 24 h the cells were fixed, and transfected cells visualized by GFP and

mCherry, respectively. Scale bar, 30 um.

addition, SNX27-complexed Git2 was only detected in immu-
noprecipitates from control siRNA-treated cell lysates (Fig. 5¢).
Taken together, the data suggest that the binding of Git with
SNX27 is indirect and is mediated by B-Pix.

We then examined the subcellular localization of expressed
SNX27 and B-Pix variants. Previous data have demonstrated
that SNX27 is localized to the early endosome, whereas
expressed 3-Pix was observed at the leading edge of migrating
cells, in membrane ruffles, and at focal adhesions (9, 28 —30).
Thus we postulated that SNX27 might be involved in the tran-
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sient recruitment of 3-Pix to endosomal sites or that 8-Pix may
regulate recruitment of SNX27 to the leading edge of migrating
cells. To test these hypotheses, a series of GFP-tagged SNX27
and HA-tagged B-Pix plasmids were co-expressed in HeLa (a)
and mpkCCD (b) cells (Fig. 6). Twenty-four hours post-trans-
fection the cells were fixed and stained with an HA monoclonal
antibody to mark [B-Pix-transfected cells. Cells containing
expressed SNX27 were visualized by GFP. Expressed 3-Pix var-
iant 1 in GFP control cells had a largely diffuse cytoplasmic
localization, whereas the localization of GFP-SNX27 in HA

VOLUME 286+NUMBER 45-NOVEMBER 11, 2011



SNX27, B-Pix, and Git and Endosomal Trafficking

mCherry Merge Profile
SNX27 %
i |3 Plx—@-ETNL %
distance
SNX27 g
11 B- Plx—@-ETNL E: M
Git-1 7N 7 v o
distance
111 B Plx—q@-ETNL g
Glt—1/ ~ E ‘ {\ j
§n \
’ distance
SNX274 / g
) _2 BN S Y ad
G|t-1/ N 2
distance

SNX27 /

\Y% [3 Plx—@-
Git- 1/ N

§Nx27~ /

Vi [3-Pixm—EDmE TNL
Git1 N

SNX27

vii pB- Plx—@—ETNL
Git- 1/ ~

signal intensity

\
Sl

distance

. .
signal intensity i i i

signal intensity
i
—

distance

FIGURE 7. The SNX27-B-Pix-Git tripartite complex co-localize in endosomal sites. HelLa cells were co-transfected with the indicated GFP-Git, mCherry-B-Pix,
and Myc-SNX27 fusion constructs. After 24 h, the cells were fixed and permeabilized as described under “Experimental Procedures.” SNX27 expressing cells
were identified by staining with a Myc-specific antibody, followed by an Alexa Fluor 647-nm conjugated secondary antibody. Git expressing cells were
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control cells was predominantly vesicular as expected (Fig. 64, i
and if). However, co-expression of GFP-SNX27 with HA-3-Pix
variant 1 led to the redistribution of 8-Pix variant 1 to e